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Identifikation af diskriminative features i sundhedsdata 
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Data versus Method



Data versus Method



Brunak et al.
Nature 343:123 (1990)





Lifelong multimorbidity journeys in disease space

Hu, Thomas & Brunak
Nature Rev. Genetics 2016



The route towards disease impacts risks and outcomes

Diagnosis trajectories of prior multi-
morbidity predict sepsis mortality, 
Beck et al. Sci .Rep.  2016
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Beck et al, 2016



National Patient Registry (~7M Danes)    
ICD-10 diagnoses as a function of age
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AB Jensen et al., 
Nature Comm., 2014

(ICD-10 era, 1994-2019)



Danish population-wide diagnoses from 1977-2019
ICD-8/ICD-10 periods, 9.5 million patients in the national registry

ICD-8 ICD-10
8,596 codes 20,693 codes

Pedersen et el.
Eur. J. Epi. 2023, 



Death registry data, 1943-2018
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Requires better mapping

Death certificates from Denmark, ~75 years of data 1943-2018
Up to 8 contributing causes of death

Principal coding systems:
< 1994: ICD-8 (mapped to ICD-10)
>=1994: ICD-10 Reguant et al., in preparation 2023



Diabetes trajectory network

AB Jensen et al., 
Nature Comm., 2014



Disease trajectory network of depression patients



ICU patient mortality prediction from machine 
learning based aggregation of time scales

Nielsen et al., Lancet Dig Health, 2019



ICU mortality prediction performance
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ICU mortality
feature 
importance

(A) Each dot one patient

Interaction between age
and history of diagnoses 
related to reproduction 
(B), and interaction 
between length of stay 
before ICU admission and 
history of haematological
malignancy (C)



Risk prediction in ischemic heart disease

www.mediflam.com



You are welcome to reuse this Cancer Research UK statistics content for your own work. 
Source: cruk.org/cancerstats

Cancer Research UK

Pancreatic Cancer (C25)
Proportion of Cases Diagnosed at Each Stage, All Ages

Why Pancreatic Cancer?



Prediction of pancreas 
cancer risk – training on 
Danish data, replication 
in US data 

Pancreatic cancer risk predicted from disease trajectories using deep learning 
Placido, Yuan, Hjaltelin, …, Brunak & Sander, Nature Medicine 2023

Disease histories from 

• Danish National Patient Registry (DNPR), covering 8.6 M 
patients between 1977-2018  (6.1 M controls, 24,000 
cases, av. 23 yrs of history)

• Veteran Affairs CDW database, covering 2.9 M patients 
1999-2020 (1.9 M controls, 3,800 cases, av. 12 yrs of 
history)



Training, development validation, test
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Input data encoding: 
– diagnosis trajectory, dates and age
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Output modelling

4
3



Clinical utility assessed with AUROC and Relative Risk

Results - Model comparison
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Clinical utility assessed with AUROC and Relative Risk

Results - Prediction intervals
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Different Denmark & US VA EHR features 



Many more codes 
in the US data per 
patient than in the 
DK data

Pancreatic cancer risk predicted from disease trajectories using deep learning 
Placido, Yuan, Hjaltelin, …, Brunak & Sander, Nature Medicine 2023

Different Denmark & US VA EHR coding features 



Feature 
importance 
ranking using 
explainability 
methods



ATC drug groups in 1.1 billion male and female 
GP prescriptions according to age

Aguayo Orozco et al., 
Npj Digital Medicine, 2021 



All inpatient admissions in 
Capital Region of Denmark 
(12 hospitals), 2008-2016

Polypharmacy is positively correlated with age (Pearson ρ:0.40)

The degree of polypharmacy varies across different primary diagnoses

I: Infections
IX: Cardiovascular
X: Respiratory diseases

+
XV, XVI: Pregnancy and perinatal
XVII: Congenital diseases
VIII: Ear and mastoid processes

-

Dosage-trajectories in in-hospital polypharmacy analysis

Leal et al. 
Npj Digital 
Medicine, 2023



185M concomitant treatment episodes
413 index drugs: 77,494 co-medication pairs        3,993 pairs with significant dosage changes

From 185 M treatment episodes to co-medication pairs



83% of the co-medication pairs with significant dosage changes are 
associated to known Drug-Drug Interactions

696 pairs within known DDIs had lower patient volume, were 
less described together in the literature and had higher ORs

Increased 
proportion of 
antibiotics and 
musculoskletal 
drugs, lower in 
nervous and 
cardiovascular 
system drugs

Leal et al. 
Npj Digital 
Medicine, 2023



The Danish Disease Trajectory Browser: 
http://dtb.cpr.ku.dk Siggaard et al.,  Nature Comm, 2020

http://dtb.cpr.ku.dk/


∆ population-wide health and deep learning models
• Health data driven:

• Redefine phenotypes as trajectories
• Re-assign patients to the proper sub-category
• Enable prediction using trajectories
• Handle life long data capture
• ”Live data” versus data dumps versus traditional registers
• Progression biomarkers versus disease risk biomarkers

• Include what is not in the hospital patient records in new ways:
• Diet 
• Genetics
• GP events 
• Income, …
• Education, grades in exams, …
• Wearable data (partly EHR included)
• Patient generated data
• Smart meter data 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjumcSsh-7NAhUKJh4KHRCbAIwQjRwIBw&url=http://healthyopinion.com/tag/diet/&psig=AFQjCNHqWCwpl1Y6noY_Gt5HUJAdm5YKRg&ust=1468417358246948&cad=rjt
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiI37aDie7NAhWSNx4KHTBKAUgQjRwIBw&url=http://globalgurus.org/Blog/what-is-real-education/&psig=AFQjCNECjBj9dXQfS2jFB1RP4pRKTlCTUg&ust=1468417877713602
https://finlandpoliticsdotorg.files.wordpress.com/2015/11/revenu-minimum.jpg


Real-time registries: 
Danish National 
Patient Registry

https://quantifyresearch.com/wp-content/uploads/2022/10/LPR3-
Introducing-the-new-and-improved-Danish-patient-register.pdf
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